IN P a r t I of this investigation (Trans., 1904, 85, 817, and Zeit. physioZ. Ch,en2., 1904,49, 590), I gave an account of the variation of absolute viscosity with concentration in the cases of the following pairs of liquids : 1, benzene-ethyl acetate ; 2, ethyl alcohol-carbon clisulphide ; 3, mercaptan-ethyl alcohol ; 4, acetone-etli yl alcohol ; 5, benzene-ethyl alc3hol; 6, benzaldehyde-ethyl alcohol ; 7, ethyl a lcohol-water ; 8, methyl alcohol-water ; and 9, acetic acid-water.
Based on the fact that hydroxylated, associated liquids such as water and the alcohols have a relatively high value of viscosity, the conclusion was deduced that a maximum point in a viscosity-concentration curve meant further association proceeding in the components, whilst the existence of a, minimum point pointed to the opposite view, namely, that some dissociation had resulted. Further experiments bear out the conclusion arrived a t in the former paper.
The apparatus has been modified iii various ways with the result that a higher degree of accuracy has been attained. A large copper rectangular tank provided with windows is used as the bath. The viscometers are much larger and are employed in duplicate, one for mixtures of high, and the other for those of l o w viscosity. Larger specific gravity tubes have been employed, having a capacity of 10 C.C. The liquids used, which were obtained from Kahlbauiii, have been carefully rectified and fractionatsd, and the components of the various mixtures have been weighed out to the milligram.
1. AZZyZ Alcoliol (sp. gr. 0.8500 a t 25'/0°) c m t l TT'nter.
The curve afforded by this pair of liquids is of precisely the same form as was given by ethyl alcohol-water a i d methyl alcohol--water. There is it very well-marked maximum at 51-52 per cent. of allyl alcohol corresponding with 1 allyl alcohol, 3 water; a t this point, the viscosity of the mixture is 0,01895, or about twice that of water. It is somewhat remarkable that, in the two cases just quoted, there are also maxima a t 1 alcohol, 3 water.
There is also a distinct inclicatioii of a discont8inuity a t 40 per cent. of allyl alcohol ; a t this concentration, the iiiolecular proportions are 1 allyl dcohol, 5 water. Again, as in previous cases of alcoholic solution in water, a very A great rise in viscosity takes place on mixing the components.
Pei-cciLZogr coinposition.
clearly marked maximum occurs at 61-62 per cent. of n-propyl alcohol, corresponding with 1 propyl alcohol, 2 water.
At this point, the viscosity of the mixture is 0,02725, which is not Contrary t o expectation, this mixture did not provide a curve which agreed with those afforded by other hydroxylated compounds in aqueous solutions. A few prcliminary experiments with glycerol also gave negative results and were abandoned. Graham in his classical paper on viscosity found a siinilar occurrence with glycerol (compare Trans., Zoc. cit.). So far from further association taking place, the reverse is indicated. It is quite possible that this substance, being already greatly associated in consequence of its two hydroxyl groups (as is shown by it,s very high coefficient of viscosity), is broken down by the water into simpler complexes. It would, therefore, be interesting t o ascertain the magnitude of its <' molecular weight " at varying concentration, using the depression of freezing point of the aqueous solutions.
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Glycol.
%.

71.
%. prominent, On the contrary, a very sagged curve is obtained, giving a maximal divergence with about 70 per cent. of lactic acid, corresponding with 1 lactic acid, 2 water. Again, it seems probable that this very viscous, dihydroxylated substance breaks down in the presence of water to a simpler complex, as was noticed in the case of glycol and glycerol. Considering tlie fact that acetic acid in benzene solution gives abnormal results for the depression of freezing point, leading to the supposition that it contains double molecules, i t seemed of interest to study the behaviour of mixtures of these substances from the standpoint of viscosity, particularly as mixtures of benzene and ethyl alcohol afford a minimum point (Trans., Zoc. cit.),
A specimen of pure acetic acid had been previously obtained by freezing out some of Kahlbaum's acid. This boiled a t 117*8"/752 mm., and by the freezing point method was found t o contain 99.9 per cent. of acetic acid. It was thought that this very small trace of impurity would not affect the results to any appreciable extent.
The benzene used was supplied by Merck; it was distilled over sodium and boiled entirely between 80' and 81' . Alternate readings from two stop-watches were taken in all the following experiments, and they have been found t o agree to a very satisfactory extent. The time of flow for benzene is only 3'25", so that an accuracy greater than 1 in the third place of decimals is scarcely attainable.
A distinct minimum was obtained a t 89 per cent. of benzene corresponding with 5 benzene, 1 acetic acid. This minimal value is 2 per cent, below that for acetic acid and seems to indicate a certain amount of dissociation. By the freezing point method, a distinct tendency is shown for the formation of complex molecules (compare Wal ker, Intrudzcction to Physical Chemistry, p. 204 It is not known, howevev, what is the molecular complexity of pure acetic acid in the liquid condition and at the ordinary temperature, It is quite possible, however, that its complexiky is greater than 2C&H,O,, for instance, so that altliongh in dilute solution iii benzene i t is approximately bimolecular, yet this condition may result from the breaking down of a more coniplex molecule. Preliminary experiments with mixtures of benzene and methyl alcohol gave similar results.
S U V~T M L T~.
Hydroxylated compounds give abnormal results, but, in the case of polyhydroxglated liquids this abnormality does not exist, probably because of the large degree of association originally existing in such substances. Discontinuj ties in the curves locate themselves at or near points of definite molecular composition, and this occurs so frequently that; one is compelled t o recognise the existence in solution of molecular aggregatos such as 1 ethyl alcohol, 3 water.
On the other hand, abnormalities occur when hydroxylated substances are dissolved in benzene, but here they are opposite in nature, minimum points being obtained, a fact which indicates that the molecular complexes axe disturbed in this solvent, although, in the case of organic acid, the solute is not broken down to the monornoleciilar condition.
At present there is no well-defined molecular constant of viscosity, owing perhaps to the large variation of viscosity with temperature and the difficulties of finding corresponding temperatnres, and consequently it is not possible to find the molecular condition of a liquid by determining its coefficient of viscosity, but from a qualitative point of view it is obvious that associated substances are more viscous than mono-molecular substances. That there is a distinct difference between the two classes of substances may be seen from the following Taking into account the foregoing consideration, it is quite clear that (with the exception of acetone) the associated liquids stand in a class by themselves (compare Thorpe and Rodger, J. P l d . Trans., 1694, II., A. 185).
The nuthor intends to extend this research to other hydroxylated compounds.
